Introduction {#sec1-1}
============

Coxarthrosis secondary to developmental hip dysplasia (DDH) causes pain and minimizes functional abilities of the patients. There have been many reports suggesting the reconstruction of the hip joint at the level of the hypoplastic true acetabulum.[@ref1] For Crowe type IV DDH, subtrochanteric shortening osteotomy is required to restore the hip joint at the level of the true acetabulum and to correct leg length discrepancy. Several approaches have been described for subtrochanteric shortening osteotomy.[@ref2][@ref3][@ref4][@ref5]

To overcome rotational problems at the osteotomy site and to obtain initial stability, osteotomy modifications such as step-cut, V-shaped, z-subtrochanteric, double Chevron, or oblique types as well as fixation of the osteotomy with plates have been defined.[@ref6][@ref7][@ref8][@ref9] Each technique has its own challenges. Step-cut osteotomy entails technical difficulty and long lasting operation; transverse osteotomy demands additional technique to achieve rotational stability; and oblique osteotomy requires long femoral stem.[@ref10][@ref11][@ref12][@ref13][@ref14] However, the subtrochanteric osteotomy enables simultaneous shortening and correction of the femoral anteversion as well as serving as a fulcrum for prevention of the rotation at the proximal site of the osteotomy site by preserving metaphysis. Krych *et al*. described their surgical technique for total hip replacement (THR) of coxarthrosis secondary to DDH.[@ref15][@ref16] In this study, they used modular distal fluted cementless stems and fixed the transverse osteotomy site with split intercalary osteotomized bone obtained from the shortened distal fragment. They claimed that split grafts with maintained vascularity that were affixed around the osteotomy site enhanced stability and promoted biologic healing. Although they found 7% nonunion and 43% late complication or reoperation rates in 28 patients after a mean of 4.8 years followup, the hip scores of the patients were significantly improved.

This study evaluates the results of patients with Crowe type IV DDH treated with THR. A subtrochanteric transverse shortening osteotomy and fixation with onlay split intercalary autograft were performed. The two objectives of the study are (a) to determine if this fixation technique promotes early bone healing and provides initial intraoperative stability. Our second (b) to evaluate clinical outcomes by measuring final leg length discrepancy, determining functional scores and complication rates. We hypothesized, on the basis of clinical experience, that combination of distal femoral fit noncemented stem with split intercalary autograft fixed with two cable wires around the osteotomy site provides both proximal and distal rotational stability.

Materials and Methods {#sec1-2}
=====================

41 hips of 37 patients with ages ranging from 26 to 74 years operated between September 2008 and December 2013 were included in this retrospective study. The indication was coxarthrosis secondary to Crowe type IV DDH. Proximally porous-coated femoral stem with hydroxyapatite coating and distally fluted cementless (Secur-Fit Plus Max Femoral Hip Stem \[Stryker Orthopaedics\]) stem was used, and subtrochanteric transverse osteotomy with the application of onlay intercalary autograft by two cable wires was performed in all cases. The study protocol was approved by the local Institutional Review Board, and informed consent was obtained from all patients.

Operative procedure {#sec2-1}
-------------------

The modified Hardinge approach was used in 15 (36.5%) cases, whereas posterior Southern approach was used in 26 (63.4%). The femur was osteotomized transversely, 1--2 cm distal to the lesser trochanter. Following the preparation of the true acetabulum, an area approximately 1 cm inferior to the lesser trochanter in the metaphyseal region was prepared for femoral shortening osteotomy. The level of the subtrochanteric osteotomy was measured by aligning the proximal part of the femur with the acetabulum. Overlapping part of the distal femur was considered as an excess segment, which equals to resection amount. Distal transverse osteotomy was performed. Following multiple small drill holes, Gigli wire saw was used at both subtrochanteric and distal osteotomies so as to prevent thermal necrosis and delayed bone union. Femoral excess segment was hemisected longitudinally. Distally fluted, proximally porous-coated femoral stem with hydroxyapatite coating was preferred as an implant. Every size of it offers two different distal diameters. Thus, it provided better distal engagement, facilitating distal rotational stability, especially in case of excessive femoral bowing. Next, hemisects of femoral excess segment were combined at the osteotomy site and then secured with two wires \[Figure [1a](#F1){ref-type="fig"}--[d](#F1){ref-type="fig"}\]. Furthermore, autogenous intramedullary medullary graft obtained from reamer was used around osteotomy site. Hip joint was reduced, following the insertion of fitting femoral head and stability control.

![Peroperative photographs showing (a) Preparation and fixation of the split intercalary autograft. Distal part of the osteotomy was cut by Gigli saw (dotted white line). (b) The graft was then split into two equal anterior and posterior parts. (c) The medial (black arrow), anteromedial and posteromedial soft tissue attachments were protected. (d) After implanting the femoral stem, the split graft was fixed by cable wires around the osteotomy site with paying attention not to damage the soft tissue attachments](IJOrtho-52-374-g001){#F1}

Evaluation {#sec2-2}
----------

The degree of union was radiologically assessed, quantifying the number of cortices bridged by bone, which was defined by Whelan *et al*.[@ref17] Intraoperative stability of the osteotomy site was defined as obvious movement of the osteotomy line after fixation with graft and cables and original distal fluted stem.

Leg length discrepancy of the patients was measured pre and postoperatively by measurement from the anterior superior iliac spine to the tip of the medial malleolus. Postoperative leg length difference was also determined with radiographic technique based on the measurement from the acetabular teardrop to the lesser trochanter \[[Figure 2](#F2){ref-type="fig"}\].[@ref18] For the determination of the leg length difference, it was aimed to achieve an agreement between the measurements with a tape measure and by the radiographic method.[@ref19] To demonstrate interobserver agreement consistency, two observers were used to ensure accuracy of the measurements with a kappa test.

![X-ray pelvis showing both hips anteroposterior view showing preoperative measurement of the resection and postoperative X-ray of the same patient](IJOrtho-52-374-g002){#F2}

Mobilization with partial weight-bearing on crutches was started on the 2^nd^ postoperative day. Followups were planned until bone union at the osteotomy site was observed on the postoperative 3^rd^ and 6^th^ week, 3^rd^ and 6^th^ months, and 1^st^ year. When the bone union at the osteotomy site was observed, Harris hip scores of the patients were noted for pain, function, efficacy, deformity, and range of motion. X-rays of the patients were examined to see if there was any femoral loosening in accordance with the guidance by Gruen *et al*.[@ref20] Acetabular loosening was checked according to the method by DeLee and Charnley.[@ref21] Heterotopic ossification was graded as defined by Brooker *et al*.[@ref22]

Statistical analysis {#sec2-3}
--------------------

SPSS version 11.5 (SPSS Inc., Chicago, IL, USA) package program was used for data analysis. Mean (±standard deviation) for metric variables and frequency (percent) for categorical variables were given as descriptive statistics. Interobserver reliability was measured using the simple percentage agreement and Cohen\'s kappa coefficient. Wilcoxon signed-rank test was used to compare pre- and postoperative Harris scores. *P* \< 0.05 was considered statistically significant.

Results {#sec1-3}
=======

Demographic findings of the patients by age, followup period, gender, osteotomy site, approach, and operation time are shown in [Table 1](#T1){ref-type="table"}. No patient was lost to followup. The patients were evaluated at a mean of 34 months (range: 12--68 months).

###### 

Clinical details of the patients

![](IJOrtho-52-374-g003)

All patients' osteotomies were healed \[[Figure 3](#F3){ref-type="fig"}\]. Mean time of union was 13.5 ± 4.6 weeks (range 6--24 weeks). At the trial stage, intraoperative proximal or distal stability of the osteotomy site could not have achieved in 15 (36.6%) hips and 1 (2.4%) hip, respectively. After fixation of the osteotomy site by onlay split autograft, adequate stability was achieved in proximally unstable osteotomies (*n* = 15) and by implanting a large size of a stem in distally unstable osteotomies (*n* = 1).

![Pre- and postoperative X-rays anteroposterior view of six patients treated with subtrochanteric transverse osteotomy that were fixed by onlay split graft and distal fluted cementless stem showing healed osteotomies in all patients](IJOrtho-52-374-g004){#F3}

The interobserver reliability results regarding the clinical leg length (anterior superior iliac spine to medial malleolus) and radiological measurements (distance between two lesser trochanters) for all subjects were excellent (κ = 0.77 and κ = 0.80, respectively). The average leg length of the patients was 155.5 ± 7.3 cm (range 140--178 cm). The average femoral shortening was 4 ± 0.8 cm (range 2--5.5 cm). Preoperative leg length discrepancy was 4.8 ± 1.8 cm (range 2--10 cm). Postoperative leg length discrepancy was 1.4 ± 0.8 cm (range: 0--3 cm).

Mean Harris score of the patients was improved from 47.7 ± 10.8 (range 30--68 points) points preoperatively to 88 ± 5.6 (range 72--98 points) points postoperatively (*P* \< 0.05). Weight-bearing was restricted in seven patients for 3 weeks due to ineffectual initial cup stability.

There were no neurological deficits in the patients. Postoperative dislocation of the hip joint was encountered on three cases (7.3%). Two of them had decreased acetabular anteversion, and this was corrected with revision in the short run. One patient was found to have distal rotational instability together with insufficient acetabular anteversion. Adequate rotational stability of this patient was achieved with revision using a long stem femoral component. Then, decreased acetabular anteversion was corrected. One (2.7%) of the patients was found to have Brooker Grade I heterotopic ossification and one (2.7%) to have acetabular osteolysis in Zone I. No case of infection in the short or long term was encountered.

Discussion {#sec1-4}
==========

Fixation of the subtrochanteric osteotomy for shortening of the femur after THR of Crowe type IV dysplastic hips is challenging, and nonunion of the osteotomy leads to secondary interventions. Multiple techniques including step-cut, V-shaped, z-subtrochanteric, double Chevron, or oblique types as well as fixation of the osteotomy with plates have been described.[@ref6][@ref7][@ref8][@ref9] One of these techniques is subtrochanteric transverse osteotomy, fixed by distally well-fitted cementless stem together with onlay intercalary autograft that was obtained from the femoral resection and fixed around the osteotomy site with two cables.

Our study has some limitations. This study demonstrates our experience of a surgical technique of THR for Crowe type IV hips and consequently cannot compare different techniques. However, our objective was to evaluate clinical and radiological results, and to this avail, we believe that we demonstrated well our experience in one of the complex procedures of orthopedic practice. In addition, radiographic union and additive effect of the graft on healing may be better determined after investigation of the osteotomy site by computerized tomography. We recognize this as a limitation of our study and believe additional investigation examining the osteotomy site would be a valuable addition to the literature.

When compared with those of primary arthroplasty, clinical and radiological results of THR applied to the patients with coxarthrosis secondary to DDH were more challenging. There have been several related studies aiming at describing surgical techniques, intraoperative challenges, management of these challenges, femoral shortening osteotomy methods, measurement of femoral shortening, calculation of osteotomy level, bleeding amount, operation time, and postoperative nerve injury together with its causes. According to studies, coxarthrosis secondary to DDH differs to a great extent from primary coxarthrosis with regard to complications. Reports of hip joint replacement applied to the patients with Crowe type IV DDH addressed problems of acetabular fixation, difficulties to determine appropriate implants and femoral osteotomy methods, challenges to achieve rotational stability, and complications such as hip joint luxation and nonunion at the osteotomy site.

In the study by Bao *et al*., nonunion rate for transverse and step-cut osteotomy was reported to range between 0% and 14%. Nonunion at the site of osteotomy leads to early loosening of the implant. Furthermore, they used distally fluted implant to achieve distal engagement.[@ref24] To address nonunion problem, while positioning osteotomy line, we initially made small drill holes and performed the osteotomy, using Gigli wire saw. The purpose of this study was to avoid thermal necrosis caused by oscillating saw and associated nonunion problems. There have been reports in the literature regarding the thermal necrosis caused by sagittal saw.[@ref6][@ref23] Securing this graft around the osteotomy line with wires contributed to adequate rotational stability, especially at the proximal site of the osteotomy where usually deformed metaphysis can be encountered in patients with DDH and prevented the problems of union. Nonunion was not encountered in any of the patients. Similar to the study by Bao *et al*., we used distally fluted femoral hip stem, which enabled us to achieve rotational stability through distal engagement.[@ref24]

Femoral hip stem used in our study offered proximal and distal engagement. Every size of it also presents two different options for distal thickness. This helped distal engagement even though distal femoral segment happened to be thick after femoral osteotomy. Preparation of the distal femoral segment separately made possible to snug fit of the fluted part of the stem. Yet, despite these options, distal engagement and rotational stability could not be accomplished at some cases. Splitting femoral excess segment and combining those segments at the osteotomy site, functioning as a cover provided adequate rotational stability and bone union for this group of patients. Among other advantages of the approach were relatively early union time and operation duration.

Changes in hip center of rotation are observed in the cases of failed seating of acetabular component to the true acetabulum. This transforms the biomechanical state of the hip significantly and affects the durability of the reconstruction adversely.[@ref1] We created hip center of rotation in the true acetabulum in the treatment of 37 cases of Crowe type IV DDH. In the related studies, THR, in case of dysplasia, was initiated with acetabular implantation, then proceeded with the femoral reaming and rasping; following, osteotomy was performed.[@ref15][@ref25] After proper preoperative preparation and templating, we commenced the surgical operation with femoral osteotomy, and then proximal femoral segment was disposed. This sequence enabled the surgeon to access the true acetabulum with ease and to perform the implantation with adequate anteversion and inclination angles.

Current surgical techniques used to stabilize the osteotomy site either by plate fixation or osteotomy modifications can be either cumbersome and add operative time or put risk for delayed union or nonunion. We found that this modification of osteotomy fixation, which prevents rotation at the osteotomy site by both distally well-fitting fluted and cementless stem and fixation of the split intercalary autograft with two cables, allows adequate proximal and distal stability to the osteotomy site. Although no nonunion was encountered in this patient case series, larger comparative studies are needed to investigate the effect of this approach.
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